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[57] ABSTRACT 
A polyphase induction motor propels an elevator cart 

The motor is powered by a multiphase inverter which 
receives power from a battery. The inverter is con 
trolled in such a way as to control the Frequency and 
amplitude of the power supplied to the motor in order 
to control the motor‘s speed, acceleration. and slip. 
That inverter control is accomplished by sensing the 
motor‘s speed and in response providing predetermined 
slip and torque signals. The slip can be controlled over 
a range which can provide negative slip, by which 
power is regenerated into the battery, which is thereby 
charged, and positive slip for motoring torque. A char 
ger also charges the battery‘ The motor and its controls 
are thereby ostensibly isolated from the power system 
that supplies power to the charger, the battery handling 
the peak power requirements. Loop gain is adjustable in 
relation to cab loading, and offsets are applied within 
the loop to adjust the production of the slip and torque 
signal to re?ect cab load and to modify car motion as 
the car is slowed when approaching the floor for a stop. 

8 Claims, 5 Drawing Figures 
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ELEVATOR CAR LOAD AND POSITION 
DYNAMIC GAIN COMPENSATION 

DESCRIPTION 

1. Technical Field 
This invention relates to elevators, in particular. loop 

gain compensation in elevators. 
2. Background Art 
It is well known that the speed and torque of a poly 

phase induction motor is a function of the frequency of 
the alternating power that is supplied to the motor and 
the voltage that is applied to the windings. 

It is also well known that the motor can operate at 
either a synchronous speed. the same frequency as the 
power to it. and an asynchronous speed. higher or 
lower than that frequency. It operates at the synchro 
nous speed when the motor is under no load and at the 
asynchronous speed when the motor is under load or 
being driven. The speed difference is known as slip, the 
magnitude of which dramatically impacts the motor‘s 
efficiency and performance. 

Therefore. the typical polyphase motor is given re 
quirements for maximum slip by the manufacturer, typi 
cally about i Hz.. depending on the motor design and 
whether it is motoring or regenerating. or braking. To 
develop maximum torque and maximize motor effi 
ciency, the slip under load conditions should be held at 
that ?gure. For instance. ifa two-pole motor is powered 
from a 60 Hz. source during motoring, the speed of ~ 
rated torque would be about 3540 r.p.m., that being a 
positive slip of +1 Hz. 

Following a converse concept. but using the same 
criteria. if the motor is moving at a speed which is 
greater than the frequency. power can be supplied from 
it or regenerated back to the source. The slip also 
should be maintained within those limits in this case. 
But. for regeneration or braking. the speed ofthe motor 
may be, for instance, 3660 at rated torque, in which the 
slip is *1 Hz.. this being negative slip. 

So, it is not surprising that many techniques have 
been tried to control slip precisely; however. most have 
met with less than desirable results because they are too 
costly. too complicated or do not provide good perfor 
mance. 

In an elevator slip control it is particularly important 
and demanding because motor performance there must 
be superior to that in most other applications. For in 
stance. for a comfortable ride the motor must be accel 
erated and decelerated smoothly. without vibration and 
noise; yet. for system speed it must be fast. It should also 
be efficient. which means it should regenerate power. 
and. naturally. it must be operated in such a way as to 
provide precise car positioning at the floors. Most im 
portant. the motor must often be operated at near zero 
speed. at which precise frequency control is critically 
important for smooth performance. 

DISCLOSURE OF INVENTION 

An object of the present invention is to control loop 
gain in an elevator system as a function of car load and 
car position. 
According to one aspect of the present invention, a 

polyphase motor is powered by an inverter that is pow 
ered by a DC power source, such as a battery that is 
charged by a battery charger. The inverter is controlled 
in such a way that the motor slip is controlled to 
achieve maximum torque and also maximum regenera 
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tion to charge the battery. The inverter‘s output fre 
quency and magnitude are also controlled to control the 
motor's speed and torque. 

According to another aspect of the invention. the 
inverter may be controlled by a device that provides 
signals that represent a computed motor speed and slip. 
Using these signals. the inverter is driven so as to follow 
a sine curve pattern that is at the desired frequency for 
the computed slip and at a desired magnitude to achieve 
desired motor operation with that slip. These signals are 
digitally produced by sensing the motor shaft position 
and constantly accumulating count and augmenting that 
count in proportion to the desired slip. The accumu 
lated count occurs in some particular period of time that 
corresponds to one-quarter of the period of that sine 
curve. Taking into account the characteristic interrela 
tionship between the various phases of the signals that 
are to be supplied to the motor. the relative instanta 
neous Y-value on the sine curve signal at each phase is 
produced from that count. The Y-value is adjusted up 
and down to reflect the instantaneous levels for each 
phase that drives the inverter. This yields a signal which 
is supplied to each phase input on the inverter by a 
switching arrangement. The magnitude of that signal is 
scaled up or down to control motor current or voltage. 
Hence. starting with a simple count that represents 
motor speed and shaft position and adding some num 
bers to that. a multiphase drive is provided to the in 
verter to control motor speed. slip and torque. 
According to the invention, to generate the signals 

that power the inverter, the actual motor speed is com 
pared with a dictated motor speed to provide a basic 
torque signal which then is processed to provide a sec 
ond torque signal that is subsequently employed to 
control the inverter. 
One aspect ofthe processing is to adjust the loop gain 

in relation to the cab load. If the load is less than a 
certain load, the gain is decreased, which has the effect 
of decreasing the loop gain in the system. Conversely. if 
the load is greater. the gain is increased. 

Another aspect is to increase the second torque con 
trol signal as a function of cab load. 
Another aspect of the processing is to increase the 

second torque control signal as the car begins to slow 
down near the floor. 

Still another aspect is to limit the dictated speed sig 
nal as the car doors begin to open as the car approaches 
the floor. 
A feature of the invention is that the motor control is 

universal; it can be used on all multiphase motors, by 
augmenting the motor speed count with different pole 
con?gurations, and. being that it is not inherently fre 
quency limited, it can control a motor over very wide 
speed ranges, especially at near zero and low speed. 
hence making it very attractive for elevators. At the 
same time, by providing for very precise slip control. 
the invention optimizes regeneration of power back into 
the battery. and that is a feature which is particularly 
useful in an elevator system where regeneration occurs 
about 30% of the time because the load is counter 
weighted. 
Other objects, bene?ts and features of the invention 

will become apparent to one skilled in the art from the 
description that follows. 
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BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of an elevator system 
which embodies the present invention, that system uti 
lizing an inverter to drive a 3-phase motor, and that 
inverter being powered by a battery and controlled in 
accordance with the present invention; 

FIG. 2 is a block diagram of an amplitude and fre 
quency control (AFCL) that is used in the system in 
FIG. 1 to drive the inverter to obtain slip. torque and 
speed control; 

FIG. 3 consists of several waveforms that are in a 
common time base; 
FIG. 4 is a block diagram showing the torque control 

in FIG. 1; and 
FIG. 5 is a graph showing gain/car position/car 

speed characteristics of the torque control. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

FIG. 1 shows an elevator control system which in 
cludes a number of functional components that are well 
known and whose design is not critical to the invention. 
Hence. those components are not described in detail. 
except to the extent that is needed to describe the inven 
tion. These components include a motion controller, 
pro?le generator and speed and torque controller, and 
others identi?ed in what follows. 

In FIG. 1 an elevator car 10 is connected by a cable 
11 to a counterweight 12. The car is connected to the “ 
phase induction motor 13 which receives 3-phase power 
from an inverter 14. The motor drives a tachometer 15 
(shaft encoder) which produces a tachometer output, 
TACH 1 signal, on the line 150 that signal re?ecting the 
instantaneous speed of the motor. The inverter receives 
DC power from a battery 16, and the battery is charged 
by a charger 17 which is connected to a power source. 
The DC power may flow to and from the battery 
through the inverter. Power may flow to the battery by 
regeneration from the motor as a result of the motion of 
the car in one direction (e.g. down). and that. in addi 
tion to the charger. charges the battery. The battery 
provides most of the surge or peak power to the in 
verter, meaning that the system is virtually isolated 
from the power source. which eliminates one source of 
RFI and other electrical noises that can build up in the 
power system and disturb other equipment connected 
[0 It. 

A system controller 18 receives car controls and _ 
calls, and in response communicates with a motion con 
troller 19 over a plurality oflines 19a. The motion con 
troller sends signals from lines 19!) to a pro?le generator 
20 which. in a predetermined or programmed manner. 
establishes a particular motion or velocity pro?le for 
the elevator car to move in response to the motion 
control. this concept being shown in numerous patents. 
The pro?le generator provides an output, PROF 1 
signal. on line 20a which is supplied to a speed and 
torque control 21. This speed and torque control unit 
provides. in response to the PROF 1 signal. a ?rst DC 
signal. SLIP 1 signal. on line 210. the SLIP 1 signal 
reflecting a desired slip for the particular PROF 1 signal 
generated by the pro?le generator. The pro?le genera~ 
tor also provides. on line 21)). a second DC output. 
AMPLITUDE 1 signal. which represents the desired 
amplitude of current (or voltage) to the motor winding 
to move the car as desired. 
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The interrelationship between the SLIP 1 and AM 

PLITUDE 1 signals determine the torque and speed of 
the motor, and the interrelationship is established 
through feedback control. that control centering on 
sensing the TACH 1 signal, supplied from the tachome 
ter. and supplying it to the motion controller. the pro?le 
generator, the speed and torque controller. which use it 
to generate their respective signals. and the SLIP 1 and 
AMPLITUDE l signals to obtain a desired motor per 
formance characteristic at any instant to control the car 
motion as required. 
The TACH 1 signal is also supplied to an amplitude 

and frequency control circuit (AFCL) 22 which also 
receives the SLIP l and AMPLITUDE 1 signal. The 
AFCL circuit uses those signals to generate PHASE 1. 
2, 3 signals over the three output lines 220. each ofthose 
signals comprising a staircase sine wave of high resolu 
tion, whose magnitude is varied in a selected relation to 
the AMPLITUDE 1 signal in order to control the car 
motion in a certain manner. The signals (PHASE 1-3) 
are phased apart as required by the phase of the motor 
(e.g. 0, 120, 240, for a 3-phase motor. the example 
shows), and their frequency re?ects the desired motor 
speed and slip for a selected SLIP 1 signal. Their magni< 
tude re?ects desired motor current. that being con 
trolled by the AMPLITUDE 1 signal. 
These PHASE 1~3 signals that comprise the AFCL 

output are supplied to a current regulator (CR) 23. 
which then produces output CR signals. also sine 
waves, on its output lines 230. these signals being pro 
vided to a pulse width modulator (PWM) 24. The PWM 
supplies corresponding output signals. PWM signals. 
each signal comprising a pulse whose duration varies in 
proportion to the magnitude of its corresponding CR 
signal. The PWM signals are supplied to the inverter on 
line 24a. The current regulator provides closed loop 
control of the motor current to ensure that it accurately 
tracks the PHASE 1-3 signals. This type of control is 
well known in the ?eld. 
The PWM signals that are supplied from the PWM to 

the inverter turn separate sections or portions of the 
inverter on and off in direct proportion to the duration 
of the pulses in the PWM signal. The inverter turns the 
battery voltage on and offin proportion to the duration 
of the pulses that comprise the PWM signals. that volt 
age being applied on the lines 140 to the motor wind‘ 
ings. Because the duration of those pulses that drive the 
inverter are interrelated in a sinusoidal fashion by the 
AFCL circuit. the average values of the pulses on the 
inverter output are sinusoidal also. But. even though the 
output signal on each of the lines 14a from the inverter 
comprises voltage pulses. the inductive characteristics 
of the motor result in a sinusoidal current (I) through 
the motor over each of the lines 14a. the frequency of 
that current being the primary frequency of the 
PHASE 1. 2. 3 signals. The harmonics are dramatically 
suppressed due to the motor‘s inductance. and. hence. 
the inverter provides. in effect. sinusoidal 3-phase cur 
rent to the motor. that current being in response to 
digital pulses that reflect the current‘s frequency. mag 
nitude and the phase relationship among the motor's 
windings. This current I is adjustable in its frequency 
and its magnitude. through which the motor speed. 
torque and slip are controlled. This adjustment is ac 
complished through the AFCL circuit 22. the detailed 
description of which follows. 

FIG. 2 shows the AFCL circuit 22. The AFCL cir 
cuit receives the SLIP 1 signal and also the AMPLI 
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TUDE 1 signal. The SLIP 1 signal is applied to a volt 
age controlled oscillator (VCO) 30 which produces an 
output VCO signal, on line 30a. The VCO signal, which 
is supplied to a flip-flop 32. consists ofa string of pulses 
whose frequency (VCO frequency) F1 varies in propor» 
tion to the DC level of the SLIP 1 signal, which can be 
adjusted between predetermined positive and negative 
values, those levels de?ning a motor speed range, over 
which the frequency of the VCO may vary to control 
motor slip. 
The flip-flop 32 also receives a CLK output signal 

from a clock 34; that signal strobes the signal from the 
VCO to the ?ip-?op output. producing a ?ip-?op out 
put signal. also a string of pulses at F1, which are sup 
plied over line 32a to a SLIP counter 33; it counts those 
pulses. The SLIP counter continually counts up, and on 
reaching its maximum count (e.g. N bits) starts over. So, 
its output is actually a signal, COUNT 1, re?ecting the 
count at any instant. 

FIG. 3 shows this type of recurring count over time. 
the Y coordinate there representing the digital output or 
COUNT 1, the X-coordinate time. 
The SLIP 1 signal is also supplied to a second flip 

flop 36. Also strobed by the CLK signal, this flip-?op is 
responsive to the polarity of the SLIP 1 signal, chang 
ing state from high to low depending on that polarity in 
order to provide a count direction signal, CD signal. 
that commands the SLIP counter to count up or to 
count down. COUNT 1, from the SLIP counter, is 
supplied on lines 340 to a motor speed (MS) adder 38, 
which also receives the output from another counter, 
speed (SPEED) counter 40, over the lines 400. 
The SPEED counter receives the output from a cir 

cuit 42 which includes a flip-flop 42A. This flip-flop 
42A provides on its output lines 42B a train of square 
wave pulses. These are provided in response to the 
output from a divider circuit 42E which receives the 
TACH signal that is supplied on the line 1511. That line 
actually comprises two lines, each of which provide a 
square wave pulse relative to each other, the pulses on 
these lines being in quadrature (90° apart). 
The divider circuit 42E receives the square wave 

pulses on one of these lines and provides, as its output, 
trigger pulses which are at a repetition rate that is equal 
to or lower than the repetition rate of the square wave 
pulses provided to its input. The output from the ?ip 
flop 42 is provided to the input of the SPEED counter 
40. 

Both of the signals that comprise the TACH signal 
are also supplied to a comparator circuit 42C, and this 
circuit produces, in response, an output signal, which, 
depending upon the relationship between those two 
pulses (i.e. which one leads, which one lags), represents 
the direction in which the motor is turning. The output 
from the comparator 42C is then supplied to a ?ip-?op 
42D, which, in response, produces an output signal 
which is either high or low. This signal is supplied to 
the count control terminal on the counter 40 to com 
mand it to count up or count down the pulses from the 
?ip~?op 42A, depending on whether the signal is high 
or low. Just like the SLIP counter, the SPEED counter 
also continuously counts up, resets, and then counts up 
again. It can also count down depending on the output 
from the flip-flop 42D. The result is an output signal, 
COUNT 2, from the counter 40. This signal is also 
shown in FIG. 2. The repetition rate for COUNT 2 is 
F2. which is in proportion to the motor speed, since 
they are generated from the motor’s rotation. The 
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pulses that comprise the TACH 1 signal are generated 
very rapidly during each rotation of the motor. the 
effect of this being that the rotational position is re 
solved very precisely. The purpose for the divider then 
becomes correlating that count to the driving frequency 
of the motor, which is necessary in order to take into 
account the number of poles in the motor, since the 
number ofpoles determines the speed ofthe motor. This 
correlation is important because the repetition rate F2 
should correspond to the driving frequency. For exam 
ple, comparing a four-pole and two-pole motor, the 
shaft position in the four-pole motor must be resolved so 
that the COUNT 2 is produced more rapidly per revo 
lution. Hence, the TACI-I signal must be divided by two 
for a two-pole motor, otherwise F2 would be too high 
—the motor would not be synchronized within the slip 
range. (This assumes that the same tachometer is used, 
further, the count/revolution would be the same re 
gardless of motor speed.) The reason for this will be 
come even more apparent from the remaining portions 
ofthis description, which will show that from the basic 
frequency F2, a higher or lower frequency is estab 
lished from the COUNT 1 signal in order to vary the 
driving frequency from that of the actual motor speed, 
this being done in order to control slip. 
The MS adder adds COUNT l and COUNT 2, pro 

ducing at its output lines 3512, an output COUNT 3 
which is the sum of the two. The effect of adding 
COUNT 1 and COUNT 2 is to shorten the time it takes 
to obtain a particular COUNT 3, and thus shorten T in 
FIG. 3. In other words, as the SLIP counter counts up, 
the slope of waveform A will increase because T be 
comes less. As it counts slower, the slope will be less 
because T will increase. So, by changing the VCO fre 
quency, T can be increased and decreased in proportion 
to COUNT 1, that range being the SLIP RANGE or 
At, that de?ning a change in frequency between Fl, the 
frequency of COUNT 1, and F2, the frequency of 
COUNT 2. 
As explained later in detail, to maintain a certain slip, 

COUNT 1 is controlled to be higher or lower than 
COUNT 2 by an amount that equals the slip that is 
desired (e.g. speci?ed for the motor). The overall action 
of the AFCL circuit on the motor‘s operation is repre 
sented by this equation (I). 

F SYNCH: :F(MOTOR)iF(SLlP) [1) 

Here, F SYNCI-I is also the frequency (F3) of the 
PHASE 1-3 signals, which is the inverter driving fre 
quency. FM is the motor speed and COUNT 2 is a 
function of it. but may be i depending on the direction 
of rotation, because COUNT 2 can be a down count or 
up count. F SLIP, the same as the VCO frequency, may 
be i depending on the SLIP signal, which may be i to 
effect 1‘ slip. Thus, a smooth transition between motor 
functions is obtained, which is important for leveling at 
“close speed" (near zero speed). 

In addition to COUNT 3, the adder 35 also provides 
a digital output, QC signal, which is a representation of 
the number (0-4) of cycles made by the COUNT 2. 
Each cycle is a quadrant, representing 90° in a full cycle 
of 360°. To do this, the MS adder output may have N 
bits, but actually use N-X bits for COUNT 3, and the 
remainder of the N bits for indicating the quadrant and 
the sign of the sine curve in that quadrant. 
COUNT 3, from the MS adder, is supplied to a sec 

ond adder, the PHASE adder 44. The PHASE adder 44 
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also receives. on the lines 46a. a phase identi?cation 
(PC) signal. from a ring counter 46. that signal being 
provided in response to the CLK signal. The PC signal 
identi?es, at any instant in time. one of the desired pha 
ses, i.e. windings (e.g. 0°, 120°. 240°). This PC is a num 
ber which. if added to COUNT 3, would re?ect what 
would be COUNT 3 at that phase; that is. a phase 
shifted by some amount re?ected in the PC signal. In 
other words. the ring counter continually provides a 
"circulating digital“ number which, when added to 
COUNT 3. re?ects a count for one of the phases. The 
PC signal is also added with the QC signal in the 
PHASE adder, producing a PO signal that represents 
the right quadrant for the phase for the PC signal, since 
the quadrant may be different for a different phase. 
Thus, the output from the PHASE adder 44 includes (1) 
an instantaneous digital representation. COUNT 4, of 
the count for a particular point X or counts for one 
phase. and (2) a digital representation of the quadrant 
for the PQ signal and its sign. 
COUNT 4 represents the coordinate for any point on 

the SINE curve in FIG. 3, but only between 0°—90°. 
From the two, the proper point on the SINE curve for 
that coordinate is generated at any instant. This is done 
in the AFCL circuit for each phase. each time the PC 
signal changes, which occurs at the CLK rate. 
COUNT 4 and the PQ signal are supplied to a sub 

tractor unit 48. over the lines 440. In response to the PQ 
signal. the subtractor provides an output, the IC signal. 
which is the proper coordinate value for the quadrant 
indicated in the PQ signal for COUNT 3. The sub 
tractor counts down from the COUNT 4 signal for 
other quadrants during the presence of a PO signal 
identifying that quadrant which, if not present, inactu 
ates the subtractor. Then. it can be seen that the effect of 
the PC signal is to shift the IC signal between 0°, 120° 
and 240°. 
The IC signal from the subtractor is a coordinate (eg. 

X). and it is furnished on lines 480 to a lookup table. 
ROM 50. That IC signal addresses a particular number 
in the lookup table. that number corresponding to the 
sine value for a point on the SINE curve between 
O°—90°. The ROM thus produces. on its output lines 500. 
a digital output. SIG 1, that is the sine value for the 
coordinate identi?ed by COUNT 3. but still uncor‘ 
rected for the polarity for its quadrant. The SIG 1 signal 
is supplied to a digital to analog (D/A) converter 52 
which produces an analog output. DRIVE 1 signal. on 
line 32a. This DRIVE 1 signal is supplied to a switch 
circuit 54. which also receives the PQ signal and, de— . 
pending on what quadrant that identi?er identi?es, 
switches the DRIVE 1 signal between a positive or 
negative value. which gives the DRIVE 1 signal the 
right polarity for the quadrant. For example. the SIG 1 
signal (so also DRIVE 1) would be negative in quad 
rants 3 and 4. as shown by the broken sine curve con 
taining SIG l' (SIG 1' being SIG l on the true sine 
curve). Thus a full sine curve is generated through the 
four quadrants shown over time-as different SIG 1 
signals are provided and given the right polarity. 
From the switch circuit the DRIVE 1 signal is sup 

plied on line 54a to an ampli?er (G) 56. whose gain is 
controlled in response to the magnitude of the AMPLI 
TUDE 1 signal. in order to produce an output. DRIVE 
2. whose magnitude is proportional to the AMPLI 
TUDE 1 signal. This DRIVE 2 output signal is simulta 
neously supplied to three switches 60. 62. 64. each one 
corresponding to one phase drive of the inverter. each 
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providing one of the PHASE 1.2.3 signals. These three 
switches receive the PC signal from the ring counter 46. 
that signal identifying the phase for the DRIVE 2 sig 
nal, and, depending on what that signal is. one of these 
switches is actuated. which transfers the DRIVE 2 
signal to correct one of the sample and hold circuits 55. 
which produces a staircase sine signal over time—as the 
DRIVE 2 signal is generated. The SH outputs are the 
PHASE 1, PHASE 2 and PHASE 3 signals. 
The PHASE 1. PHASE 2. PHASE 3 signals are thus 

phased according to the PC signal and are at a common 
frequency. F SYNCH (see equation 1). 
To demonstrate this slip control. this example is pro 

vided. Assume a two-pole AC motor at 3600 r.p.m., that 
is. driven by variable frequency drive using the inven 
tion; what are the frequencies of the VCO output (F1) 
and TACH signals and slip characteristics required for. 
(Case 1) zero torque; (Case 2) positive driving torque; 
and (Case 3) negative regeneration or braking using a 
constant AMPLITUDE 1 signal. 

Case 1: 
FM=60 Hz. 
F SLIP=O 
F SYNCH:6O Hz. 
VCO frequency:0 
TACH frequency: 1024 pulses/second 
Case 2: 
FM=60 Hz. 
F SLIP: +1 Hz. 
F SYNCH=6I Hz. 
VCO frequency: + 170 
TACH frequency: [024 pulses/second 
Case 3: 

F SLIP: —l Hz. 
F SYNCH=S9 Hz. 
VCO frequency : —~ 170 

TACH frequency: 1024 pulses/second 
Hence. with this system the car can be moved from 

zero to full speed at a controlled rate and with a control 
lable slip. by controlling the SLIP l and AMPLITUDE 
l signals. 
The speed and torque control 21. shown in FIG. 4. 

receives the TACH 1 and PROF l signals and processes 
them to provide the SLIP and AMPLITUDE 1 signals 
which are employed to control the motor's speed and 
slip. Torque controls for processing a single motor sig 
nail in this fashion are very well known. The control 21. 
however. is quite different. providing additional pro 
cessing that significantly improves the motor control 
accuracy. 
The TACH l and PROF I signals. on the lines 15a 

and 15b. are applied to a summing function TC-l at the 
input to an ampli?er TC-2 with a gain K1. The amplif 
er‘s output (KlX ERROR) is applied on the line TC-Za 
to another amplifier TC-4. the gain of this amplifier 
being selectable between two gains K2 or K3. The 
selection is controlled by a gain selector TC-S. e.g. a 
switch or gate to switch feedback resistors in and out. 
The gain selector responds to the output from a com 
parator TC-6 which produces a gain select signal. on 
the line TC-6a. which commands one of the gains K2 or 
K3. depending on gain select signal‘s level (high or 
low). That level is determined by the difference be 
tween a cab load signal CL. on the line TC-?b. to one 
comparator input and a reference load signal. on the line 
TC-6c. to the other input. The cab load signal is pro 
vided by a load weighing unit (LW) in FIG. I. (A vari 
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ety of such devices is well known and shown in numer 
ous patents.) By operation ofthe comparator the gain is 
selected between K2 and K3. Assuming K2 is less than 
K3. K3 is selected when the cab load increases above 
some level de?ned by the reference signal; below that 
K2 is selected. This minimizes sagging when the brake 
is lifted just before the car starts to move away from the 
?oor. 
The output from the ampli?er TC-4 is applied over 

the line TC-4a to one of three inputs of an adder TC-7. 
The output from the adder is a single motor torque 
command signal. the TQS signal. which is applied on 
the line TC-7a to a slip and speed pro?le generator 
TC-8 which produces the SLIP and AMPLITUDE 1 
signals. Such pro?le generators for providing those two 
signals are well known in the art and thus are not ex 
plained herein. 
One of the other inputs. on the line TC-7b. is the cab 

load signal. The effect is that as cab load increases, the 
TC signal will increase for a constant input on the line 
TC-4a. This compensates for the greater load-but 
without increasing the loop gain. which could affect 
stability negatively. 
The third input. on the line TC-7c. to the adder T07 

is furnished from a function or pro?le generator TC-lO. 
The function generator's output is a gain adjust signal 
which is also added to the signal on the line "TC-4a, thus 
increasing the TC signal. The function generator pro 
vides the gain adjust signal in response to a car position 
signal from the primary position transducer (See FIG. 
1) and in response to the TACH 1 signal which repre 
sents the car speed. The gain adjust signal is a function 
of those two inputs: As car speed decreases. the gain 
adjust signal increases." the gain adjust signal is only 
provided (gated) to the line TC-7a and beginning at a 
certain car position, namely after car slowdown begins 
(see FIG. 5). Thus. as slowdown begins (near a floor). 
the TC signal is increased as the car slows. and this 
improves stopping accuracy. 

FIG. 5 demonstrates the characteristics of a floor to 
floor run (start - stop). There it can be seen that just as 
slowdown starts. the gain adjust signal is zero, so there 
is no change in the TC signal gainv But, near the level 
zone-—-close to the floor—the gain increases due to the 
gain adjust signal. As a result. there is high torque con 
trol gain—hence. high loop gain-as the car stops and 
levels. which greatly enhances stopping accuracy. FIGv 
5 also shows the gain selection that happens at a start, 
which gives rise to one of two gain curves that are 
constant until the slowdown range is reached, where 
the gain adjust signal comes into play. The cab load 
signal is also constant through a ?oor to floor (start - 
stop) run. 
The torque control also contains a torque limiter 

TC-ll which limits the PROF 1 signal to less than a 
certain level when the car is in the door zone region. 
The limiter is activated by a door zone detector TC>12 
which is responsive to the car position signal for identi 
fying when the car is in the door zone region near the 
floor. where the doors start to open preparatory to a 
stop at the car. 

Obviously. various operations in this system may be 
performed with computer-based equipment. Discrete 
portions have been used in this description for illustra 
tive purposes to demonstrate one way to implement the 
invention. To one skilled in the art there will be modi? 
cations and variations that can be made to the embodi 
ment that has been shown and described without de 
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10 
parting from the true scope and spirit of the invention. 
Some of those variations may include the use ofa com 
puter to carry out a number of functions performed in 
the discrete system comprising the AFCL circuit. 

Needless to say. other applications for the invention 
exist. For example. it can be used to drive a cyclocon 
verter, rather than an inverter. in order to power the 
motor. That is to say. the AFCL circuit can be used to 
provide sine related signals to operate the cyclocon 
verter in order to provide AC power to a polyphase 
motor. 

The use of the invention to control a 3-phase motor 
has been shown and described because it facilitates an 
understanding of the invention. Even so. it should be 
apparent to one skilled in the art that it could be used to 
control other motors. such as a Z-phase motor, simply 
by using the right phase signal relationship, in order to 
identify the phase windings and in order to generate the 
correct coordinate on the sine curve for the winding 
and establish the correct polarity for it. 
Although the invention has been shown for use for 

controlling the current of the motor. it could be used to 
control motor voltage. Further. by correlating the am 
plitude and slip. different motor and slip controls can be 
obtained. eg. one signal can dictate motor torque. 

Moreover, from the foregoing it will be seen that 
there are many applications for the invention to control 
induction motors and that the invention may be carried 
out in many ways, perhaps through computer utilization 
for carrying out various computational type functions 
that are performed by the discrete circuits and units that 
have been described. This may. in fact. be an economi 
cally attractive alternative to using such items as the 
adders, counters. and ?ip-flops, which simply provide a 
convenient, comparatively low cost way to perform 
certain functions that could be done in a computer. for 
example, one using a microprocessor. 

Other modi?cations. variations and alterations may 
be made to the embodiments of the invention that have 
been described without departing from the true scope 
and spirit of the invention as described in the claims that 
follow. 

I claim: 
1. An elevator comprising: 
a polyphase electric motor. said motor having N 

phases and corresponding windings. N being two 
or more; 

a DC. power source; 
an inverter for providing current or voltage from said 

source to each stator winding in the motor, said 
inverter having an input for each winding and a 
corresponding output; 

a position encoder for providing a signal (TACH) 
that identifies the motor shaft position; 

an elevator car that is propelled by the motor; 
an elevator control for controlling the operation of 

the inverter to produce alternating N phase current 
or voltage for said stator windings to control motor 
speed (r.p.m.). slip and direction; 

the elevator being characterized in that said control 
comprises: 

means for providing a signal (AMPLITUDE) in re 
sponse to the TACH signal to control motor speed 
(r.p.m.); 

means for providing a signal (SLlP) in response to the 
TACH signal to control the difference between the 
motor rpm. and the frequency (F SYNCH) of the 
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alternating current or voltage that is supplied to the 
motor by the inverter; 

means responsive to the SLIP signal and TACH 
signal for providing a signal that repeats at F 
SYNCH, said signal identifying an angular position 
on a sine curve, and for providing N second sig 
nals, each representing the Y~coordinate on said 
sine curve at different angular positions thereon, 
said positions being equally spaced apart by 
360°/N, said N second signals being provided in a 
successive sequence during each motor rotation, 
the sequence in one motor direction being the re 
verse of the sequence in the opposite direction; 

means for varying the magnitude of each second 
signal as a function of the AMPLITUDE signal; 

means for applying each second signal to a different 
one of the inverter inputs according to said succes 
sive sequence; 

means for providing a dictated motor speed signal in 
response to the TACH signal, said dictated motor 
speed signal representing a desired motor speed; 

means for providing a cab load signal that represents 
the load in the car; and 

means for providing a first error signal in response to 
said dictated motor speed signal and said TACI-I 
signal, said error signal representing the difference 
between the actual motor speed and the desired 
motor speed, and for providing a second error 
signal by amplifying said ?rst error signal in rela 
tion to said cab load signal so that the magnitude of 
said first error signal is increased when the motor is 
about to be started if the cab load is greater than a 
certain load; 

said means for providing said AMPLITUDE signal 
and means for providing said SLIP signal being 
responsive to said second error signal. 

2. An elevator according to claim 1, characterized in 
that: 

said means for providing said second error signal 
comprises means for increasing said second error 
signal by adding thereto a signal that is propor 
tional to the cab load signal. 

3. An elevator according to claim 2, characterized in 
that: 

said means for providing said second error signal 
comprises means for increasing said second error 
signal. as the car slows down. by adding a signal 
thereto that increases as car speed decreases. 

4. An elevator according to claim 3, characterized in 
that: 

said means for providing said first error signal in 
cludes means for limiting its magnitude when the 
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car doors begin to open as the car approaches a 
floor. 

5. An elevator comprising: 
a polyphase electric motor, said motor having N 

phases and corresponding windings; 
a DC. power source; 
means for providing current or voltage from said 

source to each stator winding in the motor; 
an encoder for providing a signal (TACH) that identi 

ties the motor shaft position; 
an elevator car that is propelled by the motor; 
an elevator control for controlling the operation of 

the means for providing current or voltage to pro 
duce alternating N phase current or voltage for 
said stator windings to control motor speed 
(r.p.m.), slip and direction; 

the elevator being characterized in that said elevator 
control comprises: 

means for providing a signal (AMPLITUDE) in re 
sponse to the TACH signal to control motor speed 
(r.p.m.); 

means for providing a dictated motor speed signal in 
response to the TACl-I signal, said dictated motor 
speed signal representing a desired motor speed: 

means for providing a cab load signal that represents 
the load in the car; and 

means for providing a ?rst error signal in response to 
said dictated motor speed signal and said TACH 
signal, said error signal representing the difference 
between the actual motor speed and the desired 
motor speed, and for providing a second error 
signal by amplifying said first error signal in rela 
tion to said cab load signal, so that the magnitude of 
said error is increased when the motor is about to 
be started if the cab load is greater than a certain 
load. 

6. An elevator according to claim 5, characterized in 
that: 

said means for providing said second error signal 
comprises means for increasing said second error 
signal by adding thereto a signal that is propor 
tional to the cab load signal. 

7. An elevator according to claim 6. characterized in 
that: 

said means for providing said second error signal 
comprises means for increasing said second error 
signal. as the car slows down. by adding a signal 
thereto that increases as car speed decreases. 

8. An elevator according to claim 7. characterized in 
that: 

said means for providing said first error signal in 
cludes means for limiting its magnitude when the 
car doors begin to open as the car approaches a 
floor. 

* * ‘It * * 


